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Abstract 
The catalyst of ATP droped with CeO2 and V2O5 for NOx reduction by ammonia were prepared through sol-gel 
method, using several cheap ecofriendly materials( such as Ce(NO3)3 6H2O, NH4VO3 and attapulgite(ATP) clay 
which contains much magnesium aluminum silicate and abundant in nature). The catalysts are characterized by 
different techniques, FT-IR indicated that the ATP clay has been successfully modified by the functional CeVOx 
species; X-ray diffraction analysis verify that the natural ATP still existed in catalysts and the exist form of Ce and V; 
The activity of catalysts for selective catalytic reduction of NO in flue gas was tested and the CeO2-V2O5/ATP 
calcined at 400  displayed the highest efficiency value of nearly 95% at 220 . The result shows that the catalyst is 
qualified with the ability of controlling and removing NO in flue gases at low temperature. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
Keywords:Low-temperature; NH3-SCR catalyst; Attapulgite clays; Sol-gel method 
1. Introduction 
In recent years, the problem of air pollution becomes outstanding, which will do bad to our human s 
healthy. Nitrogen oxide is one of the main atmospheric pollutants and it may cause many environmental 
problems just like photochemical smog, acid rain and haze weather.  
There have many methods to remove NOx from the off-gases, and just like acid absorption, alkali 
absorption, selective catalytic reduction, selective non-catalytic reduction, plasma activation etc. Above 
all, the selective catalytic reduction (SCR) is one of the best method and widely used in removing NOx in 
the off-gases from thermal power plants , and its principle is taking reducing agent into flue to mix with 
flue gases at the condition of low-temperature, during the effect of SCR catalyst, then NOx is reduced to 
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N2 and H2O, and NH3 is the most widely used reducing agent. So to see, the SCR catalysts play an 
important role in the process of removing NOx , and it is the main appoint of research for SCR method. 
The NOx and NH3 happened REDOX reaction on the surface of catalyst by the following equation(1)-(5): 
OHNONHNO 2223 6444                                            (1) 
OHNNHNO 223 6546                                                       (2) 
                                     OHNONHNO 22232 6342                                    (3) 
OHNNHNO 2232 12786                                   (4) 
OHNNHNONO 2232 322                                         (5) 
In previous study, vanadium catalyst supported on TiO2 is most widely employed in commercial SCR 
processes, but its activity at low temperature is not very good. For a long time, scientists have tried a 
variety of active components and different supports ( such like WO3-CeO2-TiO2[1], Fe-ZSM-5[2], 
W/TiO2[3] etc.), but few result were satisfactory, that is, the NO conversion over most catalysts at low 
temperature(<250 ) can not reach a better activity.  
In the study, we introduce CeO2 and V2O5 supported on attapulgite clay and hope to achieve superior 
activity at low temperature. The attapulgite clay is a species of hydrated magnesium aluminum silicate 
mineral with commonly a rod-like or fibrous morphology, and a natural nano-structural materials with an 
ideal formula Si8O20(Mg, Al, Fe)5(OH)2(OH2)4 4H2O. It were characterized by a porous crystalline 
structure containing tetrahedral layers alloyed together along longitudinal sideline chains. Due to its 
regular structure and large specific surface area, considerable porosity, and thermal stability, ATP clay 
has been used as absorbent, catalyst and catalyst support[4].    
2. Experimental 
2.1. Materials and Reagent 
The chemicals such as glycol, cerium nitrate[Ce(NO3)3 6H2O] and ammonium netavanadate 
(NH4VO3) were analytical grade and commercially available from Shanghai Chemical Reagent Co.,Ltd 
and used as received without further purification. The ATP clay was kindly supplied by NDZ Technology 
Group Co.,Ltd (Jiangsu Province, China) and milled into about 320 mesh. 
2.2. Catalyst preparation 
The cerium vanadium catalysts were synthesized by sol-gel method, using cerium nitrate as Ce 
precursor, ammonium metavanadate as V precursor and attapulgite clay as carrier with the molar ratio of 
Ce:V=1:1. When using ATP clay as carrier, it was firstly diluted with glycol in the beaker and stirring for 
a few hours to form gelatineous. For the other hand, Ce(NO3)3 6H2O and NH4VO3 were diluted with 
distilled water separately to form solution. Because of the low solubility of NH4VO3 at distilled water 
under normal temperature, the water should be heated to 60 . Then put those two kinds of solution into 
ATP clay gelatineous and continue to stir for 6 hours. In the process of stirring, standard 
NH3 H2O(25wt%) aqueous solution was used as precipitator until the pH rose to 10 when the Ce and V 
were completely co-precipitated. Afterwards, without aging, the precipitate was filtrated and washed by 
distilled water to remove unwanted materials, followed by desiccation in oven at 100  for 24 hours and 
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calcination in muffle furnace at 400 /500 /600  separately for 4 hours in air condition. The prepared 
catalyst was denoted as CeO2-V2O5/ATP clay[5]. 
2.3 Characterization 
The resulting composites were characterized in detail through using X-ray diffraction(XRD), FT-IR 
spectra, scanning electron microscopy(SEM) etc. The XRD patterns were collected on an X-ray 
diffractometer (DX-2700) operated at 40 kV and 10 mA with nickel-filtered Cu K  radiation (  = 
1.54060 Å). SEM was performed on a JSM-63600 LA scanning electron microscope operating at 10 kV 
to observe the morphology of the composites. FT-IR spectra were recorded by a Bruker IFS25 
spectrometer using the KBr pellet technique at room temperature. 
2.4 Activity test 
The activity of SCR catalysts was tested in a fixed-bed quarts tube reactor, and the catalyst located in 
the middle the reactor. The total flow rate of simulated flue gases is 400ml/min, and gas hourly space 
velocity (GHSV)=40,000 h-1, and the reaction conditions were controlled as follows: 0.1vol% NO, 
0.1vol% NH3, 2%vol O2, N2 as carrier gas and 0.5g catalyst. In addition, the effluent gas was 
continuously analyzed by VARIO PLUS enhanced flue gas analyzer and the NO conversion efficiency 
was calculated using the relationship denoted by following equation(6):                           
(%) 100%Inlet OutletConversion
Inlet
NO NONO
NO                                           (6)              
3. Results and discussions 
3.1 XRD analysis 
The XRD patterns of CeO2-V2O5/ATP catalysts at different calcination temperature are showed in     
Fig. 1. The typical diffraction peaks at 2 =19.14o, 26.16o were corresponding to the primary diffraction of 
the (040) and (400) planes for ATP clay. Also the peaks in the same range obviously showed in the 
pattern of CeO2-V2O5/ATP catalysts. From the Fig.1, we can see all the catalysts exhibited the 
characteristic peaks of CeO2 and V2O5. Several diffraction peak near 48o appeared in the XRD patterns 
due to the crystal phase of CeVO4[6]. The CeVO4 became more intensive and sharper with the increase of 
calcination temperature, illustrating the formation of more CeVO4  and the growth of its particle size. 
3.2 FT-IR analysis 
The FT-IR analysis was performed to obtain the information about the prepared samples. In Fig. 2, it 
shows the FT-IR analysis of ATP clay and CeO2-V2O5/ATP catalysts. There are three absorbance peaks 
3620cm-1, 3552cm-1 and 3343cm-1 near 3500cm-1 corresponding to the different hydroxy of bending and 
stretching vibration. The band near 1034cm-1 was attributed to the in-layer Si-O strenching and that at 
986cm-1 and 800cm-1 may correspond to the Al-O-Si bond in ATP clay[7]. 
The spectrum of CeO2 film was characterized by a medium intensity band positioned at 473 cm-1  and 
typical of the cerium oxide structure and the peaks at 1633cm-1 is corresponding to V=O bond stretching 
vibration. The IR peaks at 1633cm-1 become weaker when calcined at higher temperature, indicating that 
the diffusion of surface crystalline V2O5 into the lattice of CeO2[8-9]. The spectra of CeO2-V2O5/ATP 
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samples show that the 3421cm-1 band corresponding to occluded water disappears.  
 
 
Fig. 1. FT-IR spectra for ATP and CeO2-V2O5/ATP composite 
 
Fig. 2. XRD patterns of ATP and CeO2-V2O5/ATP composite. 
3.3 Morphology analysis 
The SEM images of ATP clay(A) and CeO2-V2O5/ATP -400(B) is showed in Fig. 3. ATP in Fig. 3A 
exhibits a fibrous structure and some are straight parallel aggregate. The fibrous staked up leading to 
pores with different sizes. It is obvious that there are a large number of particles with a size 60-500nm 
dispersed on the surface of ATP clay(Fig. 3B)[8]. According to the previous study, the synthesis of CeO2-
V2O5/ATP composite with sol-gel method can uniformly disperse the cerium-oxides and vanadium-
oxides on the ATP clay. Moreover, the color changing of the samples after the synthesis process can 
further confirm the successful synthesis of CeO2-V2O5/ATP composites.   
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3.4 Activity analysis 
The catalytic performance of CeO2-V2O5/ATP catalysts was evaluated in SCR fixed-bed reactor 
within the temperature from 100  to 300 . The Fig. 4 presented NO conversion and selectivity over 
CeO2-V2O5/ATP catalysts. As shown in Fig. 4, the catalysts exhibited a quite different catalytic 
performance, suggesting that the morphology had a significant influence on he catalytic behaviour of 
CeO2-V2O5/ATP catalysts with the identical chemical composition. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. SEM images of (A) ATP and (B) CeO2-V2O5/ATP-400 composites. Insets in (A) and (B) are photograph and schematic b 
illustration of the synthesis procedure of the corresponding samples, respectively. 
 
 
Fig. 4. The NO conversion of ATP and CeO2-V2O5/ATP in catalyzing NO reduction in flue gases. 
The activity of ATP clay itself is very low, approximately below 30%, proved that the ATP nearly has 
nothing activity. After loaded with Ce and V, the activity increase quickly ,and within the temperature 
range from 200  to 250 , the activity of catalysts perform well, all reaching more than 80%. Among 
this, the CeO2-V2O5/ATP calcined at 400  was the best and its activity approximately reached 95% at 
220  with the reason that the most Ce formed CeO2 at 400  calcination which is better for increase the 
catalyst s activity. In addition, the most Ce formedCeVO4 when the calcination temperature higher than 
500 .  
(A) (B) 
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4. Conclusions 
In the paper, CeO2-V2O5/ATP calcined at 400  has the highest activity than the other catalysts at 
500  and 600 . The NO conversion is about 95% or so at the condition of GHSV=40000h-1 and react 
temperature from 20 WR220 . When the calcination temperature is 400 , the major cerium form is 
CeO2 as the addition of Ce component and the formation of CeO2 can increase the catalyst activity. When 
the calcination temperature are 500  and 600 , CeVO4 can be formed, which has lower activity than 
CeO2. 
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